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Abstract
Background/aim Sodium is thought to be critical to
growth. Infants who have an ileostomy may suffer from
growth faltering, as sodium losses from stomas may be
excessive. Urinary sodium measurements may indicate
which patients could benefit from sodium supplementation;
however, there is no consensus on what level of urinary
sodium should be the cutoff for intervention. Our aim was
to determine whether there is a relationship between uri-
nary sodium and growth in infants undergoing ileostomy,
colostomy and cystostomy.
Methods Following audit approval, a retrospective
observational study of patient notes and chemical pathol-
ogy data was carried out. All infants \1 year of age that
had an ileostomy, colostomy, or cystostomy procedure
between February 1997 and January 2014 were included.
Patients’ weights, urinary and serum sodium and potassium
levels and clinical variables were recorded until discharge.
Weights were converted to Z-scores for analysis.
Results Forty patients were identified whose notes were
available for review and who had at least three urinary
sodium measurements. During their hospital stay, 11
(28 %) maintained weight within normal limits (Z-scores
-2 to ?2, 15 (38 %) were moderately malnourished (-3 to
-2) and 14 (35 %) severely malnourished (\-3). Thirty
patients had at least one urinary sodium \10 mmol/litre,
six patients had their lowest recorded urinary sodium
between 10 and 30 mmol/litre and only four patients had
all their urinary sodium measurements [30 mmol litre.
Electrolyte data were not normally distributed so that
correlations between electrolytes and growth were tested
using the non-parametric Spearman rank correlation coef-
ficient. Urinary sodium levels positively correlated with
growth (r = 0.3071, p \ 0.0001), as did serum sodium
levels (r = 0.2620, p = 0.0059) whereas there was no
relationship between urine or serum potassium and growth.
Conclusions Poor growth is frequent in this group of
patients and appears to be linked with sodium levels.
Further work is necessary to draw up guidelines for
appropriate sodium supplementation.
Keywords Ileostomy  Sodium deficiency  Urinary
sodium  Neonatal surgery  Growth
Introduction
Sodium is the main cation of the extracellular fluid and is
thus a key player in whole body fluid balance. There is
therefore an obvious potential link between sodium and
acute changes in weight, which are largely changes in fluid
balance. During the first few days of life, infants lose
extracellular fluid and sodium, and then shift from a neg-
ative to a positive sodium balance. However, a link
between sodium and true somatic growth is less obvious.
Although intracellular concentrations of sodium are low
(potassium is the major intracellular cation), changes in
cell mass and number (resulting in true growth) appear to
be intimately linked with sodium availability [1]. This link
has been shown in several experimental studies (reviewed
[1]) in which true weight gain was shown to be linearly
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related to sodium intake. The biochemical basis for this
effect of sodium on growth is unknown but may be med-
iated via intracellular pH.
In addition to experimental studies linking growth with
sodium provision, there is evidence from several clinical
studies that inadequate sodium supply impairs growth and
that sodium supplementation restores growth. In particular,
surgical infants with ileostomies are at risk of sodium
depletion and impaired growth, which can be corrected by
sodium supplement [2]. In addition, infants with cystic
fibrosis [3], Pierre Robin sequence [4] and severe conges-
tive heart failure [5] may have sodium depletion and ben-
efit from sodium supplementation.
The optimum methods for assessing sodium adequacy
would be either a 24-h urine collection, which allows
sodium excretion to be directly compared with intake, or
fractional sodium excretion (FENa), in which the sodium
concentration in urine is corrected for variation in urine
production. Low FENa indicates sodium retention by the
kidney, suggesting decreased intake or sodium loss
extrinsic to the urinary system such as sodium or volume
depletion through gastrointestinal or skin loss. However,
both these methods are too burdensome to be useful in
routine monitoring of surgical infants, as they require either
paired blood and urine samples (fractional sodium excre-
tion) or a considerable burden on infants and/or nursing
staff to ensure quantitative collection over 24 h.
In practice urinary sodium concentration usually mea-
sured from a spot urine sample; as this is a convenient and
inexpensive method of monitoring sodium excretion. In line
with the adult literature of patients with stomas [6], a
10 mmol/litre level of urinary sodium is often regarded as the
lower limit of normal. The evidence base for this limit in
surgical infants is limited, being based solely on the
description of 11 patients in the report of Bower et al. [2].
However, recent data suggests that even surgical infants with
urinary sodium\30 mmol/litre have impaired growth com-
pared with those with urinary sodium[30 mmol/litre [7].
The aim of our study was to assess the relationship
between urinary sodium and growth in infants with ileos-
tomy, colostomy and cystostomy.
Methods
This was a retrospective observational study on patients
from Great Ormond Street Hospital for Children, operated
between February 1997 and January 2014, with local
hospital audit approval, of anthropometric (weight), bio-
chemical and clinical data collected from post-surgical
infants. Inclusion criteria were (i) infants\1 year of age at
the time of surgery; (ii) ileostomy, colostomy or cystos-
tomy performed; (iii) three or more urinary sodium
measurements during initial admission; (iv) three or more
weight measurements (plus birth weight). These patients
were identified from theatre lists by OPCS codes and
additional information was obtained from the notes and
chemical pathology records.
Data collected (up to 1-year post-operatively, including
outpatient visits) included: patient diagnosis, urinary and
serum sodium and potassium levels, post-operative com-
plications (infection, re-operation, haemodynamic com-
prise), weight, kidney disease, diuretics, length of ICU stay
and length of hospital stay.
Urinary sodium and potassium levels were obtained
from spot urinary tests carried out after the surgery. The
lowest urinary sodium measurement for each patient was
used to classify them using the following cut-offs: Group 1:
[30 mM normal, Group 2: 10–30 mM deficient, Group
3: \10 mM severely deficient) [7].
The Microsoft Excel add-in LMS growth (version 2.69
[8]) was used to calculate Z-score values for raw weight
measurements, using British 1990 growth reference [9].
The World Health Organisation [10] has suggested Z-score
cut-offs to help diagnose growth faltering in weight \2,
[-2 normal, \-2 moderate malnutrition, \-3 severe
malnutrition. Once longitudinal data on weight was col-
lected, they were converted to Z-weight for age scores and
these cut-off values were used to assess if patients had at
one point become moderately or severely malnourished.
Data are presented as mean ± SD, median (range) or
n (%) as appropriate. Spearman’s non-parametric rank
correlation coefficient was used to examine the relationship
between urinary sodium and change in weight Z-score as
the data did not meet the assumptions for the parametric
equivalent; multi-level regression modelling (MLWin
v2.29, Centre for MultiLevel Modelling, Bristol, UK) was
used to examine changes in growth over time, estimates
from the multilevel model are given as mean ± SEM.
Results
During the time period Feb 1997–2014, 489 children
underwent ileostomy, colostomy or cystostomy procedures.
274 were excluded because they were not infants \1 year
of age at the time of the procedure, 141 further patients
were excluded as they had fewer than three urinary sodium
measurements. Of the remaining 74 patients, 40 had suf-
ficient clinical data available and these infants formed the
group that was studied.
Weight and malnourishment
Weight Z-score at birth was 0.18 ± 1.35, but infants lost
weight so that by the time of operation, on day of life 8
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(median, range 0–217), weight Z-score was -0.91 ± 2.00
(Fig. 1, p \ 0.0001). Hence at operation, patients on average
were slightly underweight but not malnourished; 31/40
(78 %) were normal according to WHO criteria, 4/40 (8 %)
moderately malnourished and 5/40 (13 %) severely mal-
nourished. Post-operatively, some patients subsequently
became malnourished; 11 (28 %) were normal throughout
follow-up, 15 (38 %) were moderately malnourished and 14
(35 %) severely malnourished according to WHO criteria.
The demographics and clinical characteristics of these
patients are shown in Tables 1, 2 respectively.
Urinary sodium measurements
Of the 40 patients (all of whom had at least three urinary
sodium measurements), only four patients (10 %) always
had urinary sodium [30 mM, 6 (15 %) patients had their
lowest recorded urinary sodium between 10 and 30 mM
and 30 patients (75 %) had a recorded urinary sodium
\10 mM at some time. The distribution of these urinary
sodium measurements by WHO grade of malnutrition is
shown in Table 3.
Relationship between electrolytes and growth
Electrolyte data were not normally distributed so that
correlations between electrolytes and growth were tested
using the non-parametric Spearman’s rank correlation
coefficient. Urinary sodium levels positively correlated
with change in weight Z-score (r = 0.2432, p \ 0.0003,
Fig. 2) so that lower urinary sodium values were associated
with larger growth deficits. There was a weak correlation
between urinary potassium and weight Z-score which failed
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Fig. 1 Weight Z-score at birth and at operation in infants undergoing
ileostomy, colostomy, or cystostomy
Table 1 Demographics of
sample according to weight Z-
score category
Normally distributed continuous
data presented as mean ± (SD),
non-normally distributed
continuous data is presented as
median (range). Categorical
data is presented as n (%). Chi-
square and ANOVA were used
to produce p-values
Non-GI non-gastroenterological
disease
All Normal
(n = 11)
Moderately
malnourished
(n = 15)
Severely
malnourished
(n = 14)
p
Gestation
(weeks)
33 ± 4.86 36 ± 1.81 32 ± 6.06 31 ± 4.07 0.03
Gender Male 22 (55 %) 3 (27 %) 9 (60 %) 8 (57 %) 0.20
Female 18 (45 %) 8 (73 %) 6 (40 %) 6 (43 %)
Age at
surgery
(days)
10
(0–220)
2 (0–220) 14 (1–87) 11 (1–212) 0.59
Diagnosis Hirschsprung’s 4 (10 %) 0 0 4 (31 %)
Necrotizing
enterocolitis
12 (30 %) 1 (8 %) 8 (53 %) 3 (23 %)
Imperforate
anus
8 (20 %) 4 (33 %) 2 (13 %) 2 (15 %)
Malrotation 3 (8 %) 1 (8 %) 2 (13 %) 0
Meconium
ileus
5 (13 %) 1 (8 %) 0 4 (31 %)
Neurogenic
bowel
disorders
2 (5 %) 2 (17 %) 0 0
Gastroschisis 1 (3 %) 1 (8 %) 0 0
Non-GI 5 (13 %) 2 (17 %) 3 (20 %) 0
Surgery Ileostomy 29 (73 %) 5 (45 %) 10 (67 %) 14 (100 %)
Colostomy 7 (18 %) 3 (27 %) 4 (27 %) 0
Cystostomy 4 (10 %) 3 (27 %) 1 (7 %) 0
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to reach significance (r = 0.1165, p = 0.085), but there
was no relationship between serum sodium or potassium
and change in weight-Z-score.
To determine the effects of low urinary sodium on
longitudinal growth, we performed multilevel modelling.
The growth of the patients over time is shown in Fig. 3. We
first grouped patients into: (i) those who always had urinary
sodium [30 mM and (ii) those whose urinary sodium
measurements were between 10 and 30 mM and (iii) those
that had urinary sodium\10 mM at some point. Multilevel
modelling showed that on average, those with a urinary
sodium always above 30 mM grew by ?0.161 ± 0.091 Z-
scores per week following surgery (p = 0.075), those with
a urinary sodium between 10 and 30 mM grew by
?0.014 ± 0.105 per week (p = 0.909) whereas those with
a urinary sodium less than 10 mM at some time showed a
growth failure by -0.203 ± 0.091 Z-scores per week
(p = 0.027, Fig. 4). However, this analysis was limited by
the small number of patients in the 10–30 and [30 mM
urinary sodium groups. When these two groups were
combined, patients [10 mM showed significant improve-
ment in growth following surgery (?0.175 ± 0.056
Z-scores per week, p = 0.001) whereas those with a
Table 2 Clinical variables of sample according to weight Z-score category
All Normal
(n = 11)
Moderately
malnourished
(n = 15)
Severely
malnourished
(n = 14)
p
Kidney disease 11 (28 %) 4 (36 %) 4 (27 %) 3 (21 %) 0.71
PO complications 14 (35 %) 4 (45 %) 4 (27 %) 6 (43 %) 0.65
PO infection 17 (43 %) 4 (36 %) 7 (47 %) 6 (43 %) 0.87
Diuretics 12 (30 %) 2 (18 %) 5 (33 %) 5 (36 %) 0.52
Length of admission (days) 36 (5–166) 32 (8–103) 44 (8–182) 0.51
NICU stay (days) 3 ± 4.69 4 ± 6.01 10 ± 10.37 0.05
Normally distributed continuous data presented as mean ± (SD), non-normally distributed continuous data presented as median (range).
Categorical data presented as n (%). Chi square and ANOVA were used to produce p-values
NICU neonatal intensive care unit, PO post-operative
Table 3 Relationship between urinary sodium and degree of
malnourishment
Lowest urinary sodium
Normal
([30 mM)
Deficient
(10–30 mM)
Very deficient
(\10 mM)
Normal weight
Z \2, Z [-2
2 3 6
Moderately
malnourished
Z\-2
2 2 11
Severely
malnourished
Z \-3
0 1 13
Total 4 (10 %) 6 (15 %) 30 (75 %)
Frequency of cases is presented as n (%)
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Fig. 2 Effect of urinary [Na?] change in weight Z-score from
operation to measurement. There was a significant relationship
between urinary sodium and growth (Spearman Rank correlation
coefficient r = 0.2432, p \ 0.0003)
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days following surgery
Fig. 3 Longitudinal growth of studied patients
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urinary sodium of less than 10 mM at some time had a
significant growth failure, losing 0.21 ± 0.049 Z-scores per
week (p \ 0.0001).
Discussion
The main finding of this study confirms the link between
sodium and growth in surgical infants with a stoma. Of the
patients studied, only ileostomy patients developed severe
malnourishment, whereas patients with colostomy dis-
played both normal growth and moderate malnutrition;
only one patient with cystostomy was moderately mal-
nourished and the others were normal. Patients with NEC
made up the majority of the diagnoses and were also more
likely to develop moderate-severe malnourishment. These
three procedures were chosen as patients all have repeated
sodium measurements and were expected to display a
range of both urinary sodium values and growth. The small
bowel in the gastrointestinal tract is more likely to produce
excretions that have not been sufficiently digested. This
results in loss of dietary nutrients through the stoma bag.
Excretions are usually liquid and contain high concentra-
tions of electrolytes including sodium, chloride and bicar-
bonate ions. Surgical incision and handling of the gut can
cause an immune response in the villous infrastructure that
reduces absorption and potentiates loss of these electro-
lytes. Consequently, ileostomy patients are more likely to
suffer from hyponatremia, metabolic acidosis and dehy-
dration [2, 11]. This effect is seen less in colostomies
because the large bowel absorbs most of the fluid in the gut
including its electrolytes; excrement in colostomy stoma
bags is usually more solid. The clinical characteristics of
the group suggest that patients, who required more emer-
gency support post-operatively, in the form of neonatal
ICU stay, had a greater severity of malnutrition.
The main finding from this study is that urinary sodium
levels appear to correlate with weight. From descriptive
data alone, one can observe that post-operatively the
majority of patients became both malnourished and
severely deficient in urinary sodium levels. Although this is
an association and not proof of causality, evidence from
other studies suggests that there is indeed a causal link
between sodium deficiency and poor weight gain in
patients with a stoma.
Our findings broadly agree with those of Bower [2] who
suggested that at least 10 mM urinary sodium is necessary
for growth and more recently those of Butterworth et al. [7]
who suggested optimum growth above 30 mM urinary
sodium. Our study also suggests that optimum growth is
observed above 30 mM urinary sodium, although patients
with their lowest measured sodium level between 10 and
30 mM were exhibited better growth than those with their
lowest measured sodium\10 mM. However, these studies,
including our own, all suffer from the retrospective study
design. Patients exhibiting poor growth are more likely to
have urinary electrolytes measured, so these studies may
over-report growth failure. In addition, a single time point
urinary sodium measurement is not ideal for assessing
whole body sodium adequacy. Thus, future studies should
be performed to: (i) examine growth in a group of patients
in whom urinary sodium is measured prospectively on a
pre-determined schedule, and (ii) assess whether there is a
better method to assess sodium adequacy, such as a urinary
sodium/creatinine ratio, as used in cystic fibrosis patients
[3]. This would hopefully allow evidence-based guidelines
for sodium monitoring and supplementation to be
established.
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